Introduction
Non-physician anesthesia providers (NPAPs) represent the majority of the anesthesia workforce worldwide. NPAPs work independently, or under the supervision of anesthesiologists or other physicians. In low and middle-income countries (LMICs), where anesthesiologists are scarce, NPAPs provide medical, interventional, and surgical procedures under general anesthesia, as well as sedation and loco-regional anesthesia (Hodges et al. 2007) . Worldwide, the educational systems, scope of practice and continuing professional development (CPD) activities of NPAPs is adapted to national and regional needs and legislations. We use the term NPAP to describe the entire non-physician anesthesia workforce; nurse anesthetists (NAs) are the predominant NPAPs worldwide.
Background
Nurse anesthetists provide induction, maintenance and emergence of anesthesia. In 40 LMICs, they work without physician supervision (Kempthorne et al. 2017 ). These differences influence the quality and safety of anesthesia care worldwide. NPAPs from 96 World Health Organization (WHO) member countries reported in a rare global survey no hospital policies in 26%, no governmental regulations in 41%, and no opportunities for continuing education were available in 50% of countries (Henry & McAuliffe 1999) .
According to the WHO (World Health Organization 2016) and the Organisation for Economic Co-operation and Development (OECD 2016), the workforce crisis, including global migration of healthcare workers, further aggravates the problem. In 77 countries from WHO regions, the density of anesthesia providers is <5 per 100 000 habitants (Kempthorne et al. 2017) . This results in a crisis of patient safety during anesthesia for the poorest of the poor.
Fundamental components to foster the quality of health systems are defined by the WHO (World Health Organization 2013 , 2017 and the International Council of Nursing (ICN; Catton 2017) . In order to address this safety issue, NA training and scope of practice should be regulated in LMICs where physician anesthesiologists are not sufficiently available (Lipnick et al. 2017) . Identifying a set of international standards that is relevant to the scope of practice for NAs and using those standards as a framework to train and evaluate NAs in LMICs can achieve this.
One possible set of standards that could be used come from the International Federation of Nurse Anesthetists (IFNA), a global organization representing over 40 member countries. The IFNA, an affiliate of ICN, provides international guidelines and recommendations addressing the quality of the care, education, safe practice and professional values of NAs (Meeusen et al. 2016) . In 2016, the IFNA's Standards (Code of Ethics, Standards of Practice, Monitoring, and Education; IFNA 2016) were thoroughly revised on a competency-based approach by adopting the Canadian Medical Education Directions for Specialists (CanMEDS) Framework (Frank et al. 2015 ; Fig. 1 ). The CanMEDS consists of seven roles (Manager, Communicator, Professional, Scholar, Expert, Health Advocate, Collaborator) and have been widely used as a framework to describe physician competencies. The IFNA's Standards of Practice include 76 graduate competencies that are categorized within the seven CanMEDS functional roles and 23 anesthesia-related domains (Table 1) .
In Switzerland, NAs are the sole recognized and regulated NPAPs, and there is a 50-year-long tradition of close collaboration between physicians and NAs. Currently, the Swiss NA workforce includes approximately 2000 registered certified professionals. A recognized nurse diploma is mandatory to apply to a 2-year nurse anesthesia program, which includes at least 900 h of additional didactic training (OdASant e 2012).
Despite these stringent training requirements, the scope of practice of Swiss NAs is actually not defined. In order to accomplish this, we surveyed NAs in Switzerland to assess whether they felt that the 76 professional competencies outlined in this framework were aligned with their clinical practice. We felt that an evaluation of the IFNA's Standards of Practice by Swiss NAs would provide a dependable analysis of that framework since the Swiss association of nurse anesthetists (SIGA/FSIA) planed to adopt the IFNA's Standards of Practice into the national NA curriculum revision in 2018.
If our study can demonstrate that the IFNA's Standards of Practice are representative of the scope of practice of NAs, then it stands to reason that LMICs or countries where national standards for NAs do not yet exist could adopt IFNA's Standards of Practice. This would introduce practice consistency at the minimally accepted standard of care for NAs worldwide.
Aims
The primary goal of our study was to investigate whether the CanMEDS Framework and the IFNA's Standards of Practice show coherence and consistency with the scope of practice of NAs. To establish and pilot a sound study design, the study focused on a well regulated, and for research purposes well controllable, professional community of NAs within one country (Switzerland). The findings can serve as a basis for further multinational research in high-, low-and middleincome countries.
Methods

Design and setting
In 2015, possible study participants for the cross-sectional online survey were contacted via the database of the Swiss association of nurse anesthetists (SIGA/FSIA; Appendix S1 English and Appendix S2 German survey).
Research population
Overall 734 NAs from all Swiss cantons were invited. Participants were excluded, if they had no basic medical education (e.g. nursing degree).
Data collection
Data were collected over a period of 32 weeks between 18 April and 27 November 2015.
Ethics
The Ethics Committee Northwest/Central-Switzerland (EKNZ UBE-15/19, 02/17/2015) declared the study as 'uncritical according to ethical aspects' and therefore granted a waiver of informed consent according to the Swiss Human Research Act.
Data analysis
Data were analyzed by SPSS 24.0 (IBM, Armonk, USA) and EQS 6.1 (Multivariate Software, Temple City, USA) and presented as mean, SD or percentage. A P-value < 0.05 was considered statistically significant. Differences between the study participants' demographic variables (level of anesthesia education, age, gender, work experience in years and special job function) were analyzed using a multivariate analysis of variance (MANOVA). The demographic variables were set as the independent variables, with the ratings of the seven Can-MEDS roles as the dependent variables. Cronbach's alpha coefficients were used to determine the internal consistency of graduate competencies within the seven CanMEDS roles. Construct validity of IFNA's graduate competencies for NAs integrated into the CanMEDS roles model was assessed by exploratory factor analyses and confirmatory factor analyses. Accordingly, we divided the data randomly into two cohorts. With cohort 1 (n = 225), we performed an exploratory factor analysis (EFA) employing varimax rotation with Kaiser normalization to investigate the factors structures underlying the instrument. This allowed us to identify and extract the significant factors from the 76 competencies, which influenced NAs' responses on the graduate competencies. Factor loadings >0.4 indicated acceptable strength and direction and the influence of a factor on the graduate competencies. EFA was performed with a resulting seven-factor solution.
We hypothesized that these seven factors would correspond with the seven CanMEDS roles (Manager, Communicator, Professional, Scholar, Expert, Health Advocate and Collaborator). To determine the best-fitting model of graduate competencies within the CanMEDS roles that had been derived from cohort 1, we subsequently performed a confirmatory factor analysis (CFA) with cohort 2 (n = 224). A maximum likelihood estimation with a comparative fit index >0.9 was accepted as good fit. Construct validity of the optimized model would be underlined by investigating correlations between CanMEDS roles and graduate competencies. Factor correlation coefficients (r) were calculated and accepted to interpret loadings if >0.4. (For details on EFA and CFA see Appendices S3 and S4).
Results
Out of 734 NAs invited, 449 completed the online survey (response rate 61%, from 23 out of 26 Swiss cantons). Respondents ranged in age from 24 to 68 years [mean (m) = 44, standard deviation (SD) = 9]; 290 were female (65%). Of these, 430 (96%) had a nursing diploma from a Swiss-recognized institution as basic health education. A small number (n = 13, 3%) had a paramedic diploma and six (1%) had graduated from an accredited healthcare program in another European country (e.g. Germany, Austria). Overall, 381 respondents (85%) were Swiss NA diploma holders, 36 were NA students (8%), 26 had a German diploma (6%), two from Austria (0.4%), one from the Netherlands (0.2%) and one from Sweden (0.2%). Two participants (0.4%) had no NA diploma. Asked for their most accurate job function, the majority of respondents (n = 217, 48%) indicated they were predominantly in clinical practice. Nearly, a quarter (n = 104, 23%) worked primarily in education, 91 (20%) were primarily in management/leadership and 36 (8%) were primarily students in an anesthesia care training program.
Relevance ratings of NAs' competencies and CanMEDS roles
Overall, 62 of the 76 (82%) graduate competencies were rated relevant or very relevant (m = 4.45, SD = 0.71) in relation to the Swiss NAs' scope of practice. Fourteen graduate competencies were rated as moderately relevant or relevant (m = 3.2, SD = 1.05; Table 2 ).
In the aggregate, all seven of the CanMEDS roles (Table 2) 
Reliability of CanMEDS roles
The overall internal consistency was very high for the overall CanMEDS roles (Cronbach's a = 0.97), as well as for NA-Expert (a = 0.91) and Scholar (a = 0.91). The internal consistency was high for Collaborator (a = 0.88), Manager (a = 0.88), Health Advocate (a = 0.86) and Professional (a = 0.86); for Communicator (a = 0.78) it was acceptable ( Table 2) .
Relevance ratings of CanMEDS roles and differences between survey respondents' characteristics
The analysis of study participants' differences revealed that the overall CanMEDS Framework was rated as more relevant by paramedics (n = 13, m = 4.35, SD = 0.52) than by nurses (n = 430, m = 4.21, SD = 0.52), followed by NAs with other basic education (n = 6, m = 4.18, SD = 0.51, P < 0.05). Participants with no NA education rated the CanMEDS Framework the most relevant (n = 2, m = 4.70, SD = 0.35, P < 0.01). Ratings of the CanMEDS Framework differed between women (n = 290, m = 4.22, SD = 0.49) and men (n = 159, m = 4.20, SD = 0.57, P < 0.01). These differences were due to higher scores by women for only two CanMEDS roles: Communicator (P < 0.02) and Professional (P < 0.01; MANOVA). Subgroup analyses of job functions found that the CanMEDS Framework was most relevant for NAs who identified that their primary job function was in education (n = 104, m = 4.34, SD = 0.49), followed by students in NA educational programs (n = 37, m = 4.22, SD = 0.49), then by NAs primarily in management positions (n = 91, m = 4.17, SD = 0.54) or those predominantly in clinical practice (n = 217, m = 4.17, SD = 0.52; P < 0.05, overall). Differences in the relevance of the overall CanMEDS Framework and the roles of Collaborator (P < 0.001), Scholar (P < 0.001) and Professional (P < 0.001) were rated more relevant by NAs involved in education than by NAs operating in practice (P < 0.001).
Exploratory factor analysis
The EFA of cohort 1 revealed seven theoretically meaningful and cohesive factors. The seven factors accounted for 72% of the variance and reflected the seven existing CanMEDS roles of IFNA's Standards of Practice. Several factors correlated, ranging from 0.4 to 0.84 (P < 0.01; the optimum seven-factor solution is summarized in Appendix S3).
Confirmatory factor analysis
Based on the EFA of cohort 1 and the CanMEDS Framework, the seven-factor model was tested using a CFA on cohort 2. Twenty-six graduate competencies (loadings > 0.4) were selected to test the fit of the model with maximum likelihood estimation (Appendix S4).
As indicated by a large comparative fit index (CFI) of 0.952, small root mean square error approximation (RMSEA) of 0.037 and a 90% CI 0.024-0.046, the graduate competencies and the modified seven-factor model (namely the Can-MEDS roles) of the EFA were well-fitting.
Overall, the CFA results showed that a strong relationship of the 26 graduate competencies as observed variables and the seven CanMEDS roles as underlying latent construct of IFNA's Standards of Practice exists. There were also strong relationships between several CanMEDS roles (r = 0.41-0.75). The CFA provided the construct validity of the seven Can-MEDS roles by empirical investigation of relationships between the seven factors and graduate competencies of the IFNA's Standards of Practice.
Discussion
Limitations
One limitation of our study is that we focused on one single high developed country. Furthermore, the study was conducted with German and English only (not French and Italian) and might not capture all the language and cultural regions in Switzerland with the same rigidity due to language limitations.
To date, we are not aware of published studies investigating whether NAs or NPAPs consider the IFNA's Standards of Practice to accurately reflect their scope of practice. Our approach provided specific information and evidence about how the IFNA's Standards of Practice can be assessed following the CanMEDS Framework as a baseline.
This study demonstrates that the roles of Swiss NAs are identified by seven factors that correspond closely to the seven CanMEDS roles -Manager, Communicator, Professional, Scholar, Expert, Health Advocate and Collaborator. Furthermore, (a) all factors, except Communicator, show high internal consistency based on Cronbach's alpha; (b) the individual CanMEDS roles, except Manager and Health Advocate, were all rated relevant or very relevant; (c) the primary job function of respondents, especially educators, impacted on their rating of the relevance of the overall CanMEDS roles; (d) the EFA provides evidence of convergent and discriminant validity by identifying the seven factors corresponding to the CanMEDS roles; (e) the CFA demonstrates an optimal model for NAs' competency framework with evidence of 
Content validity of the graduate competencies
Eighty-two per cent (n = 62) of the graduate competencies were rated as relevant or very relevant with respect to Swiss NAs' scope of practice, which confirms the CanMEDS roles of the IFNA's Standards of Practice provide evidence for content validity.
Only 14 of the 76 graduate competencies (18%), mainly from the Manager's and Health Advocate's roles, were rated moderately relevant. We submit the following four possible reasons why these 14 competencies are not in Swiss NAs' scope of practice and therefore received lower ratings: (a) 'anesthesiologists' area of accountability' may have been interpreted as the legal responsibility for obtaining informed consent by physician anesthesiologists; (b) 'accountability for management, leadership and education' may have been seen by general NAs as the responsibility of managers or leaders in the field; (c) 'health advocate' roles related to patient information and patient education might reflect the limited participation of NAs in pre-anesthetic patient management within Swiss NAs' scope of practice; and (d) 'scholarship' focusing on study design, implementation of research into daily practice, and protecting patient or animal rights appears secondary for clinically practicing NAs as does dissemination, presentations and publication of research.
Construct validity of CanMEDS roles and graduate competencies
The results of the EFA identified seven roles of NA competencies that corresponded to the seven CanMEDS roles. As we hypothesized, the EFA from cohort 1 identified seven factors (CanMEDS roles), which are meaningful. The factor loadings from the various items also supported the seven-factor solution. While factors were correlated, they proved to be independent and meaningful. Overall, this provides evidence of construct validity through both convergent and divergent validity.
The CFA results from cohort 2 provide evidence of construct validity because of good fit indices and small residual variance. The seven-factor model was confirmed, as was the pattern of loadings and the inter-correlations between the seven factors (the seven CanMEDS roles). Both CFA and EFA provided evidence for construct validity. The integration of the 76 graduate competencies together with the adopted CanMEDS role model provides a well-fitting conceptual framework for Swiss NA's scope of practice (represented in Appendix S4).
The relevance ratings of CanMEDS roles varied according to study participants' basic training. NAs engaged in education favoured the rating of the overall framework and the Collaborator, Scholar and Professional roles. We assume this is because many educators are already familiar with CanMEDS and the IFNA Standards of Practice, which have been promoted nationally. For the implementation of new policies, educators most likely cover an important role as change agents.
This study provides evidence that the IFNA's Standards of Practice are a valuable international framework to define national standards of practice for NAs. Our findings examine the validity of the IFNA's Standards of Practice by demonstrating its relevance to the scope of practice for Swiss NAs. As a result of this study the graduate competencies of IFNA's Standards of Practice were implemented into the national framework curriculum for Swiss nurse anesthetists during a revision in 2018.
A standardized competency framework for anesthesia providers might have the ability to increase patient safety and with the aim to improve quality of anesthesia care worldwide. This can be achieved by identifying a set of international standards that is relevant to NAs' scope of practice and using those standards as a framework to train and evaluate NAs in LMICs (Lipnick et al. 2017) . Our survey therefore serves as an instrument to identify the local needs of NAs and helps to advance regulatory standards that aim to improve education and safe anesthesia practice, especially in LMICs.
Conclusion
To our knowledge, the present study is the first of its kind showing rigorous psychometric approaches applying factor analyses to provide evidence of construct validity of the CanMEDS roles and IFNA's Standards of Practice for NAs. The good fit of the CanMEDS model provides evidence of construct validity. The validation and successful implementation of the IFNA's Standards of Practice presented with this study can be applied worldwide to compare international standards to national and local standards. The study therefore is an example for and provides a sound approach to identify national demands of the healthcare systems and clinical needs for anesthesia care. The approach to the survey and the resulting study design could be expanded among other countries, and as a result it might expose differences in scopes of practice among NAs, which in turn could support the ultimate goal of improving anesthesia care quality, education and patient safety. For LMICs, where health policies or governmental regulations for NAs are missing, the IFNA's Standards of Practice could be a standardized and evidence-based starting point for defining a consistent scope of practice.
Implications for nursing and policy
By adopting the IFNA's international Standards of Practice into national and local policies and regulations, there is the potential to align initiatives of WHO (World Health Organization 2013 , 2017 and ICN (Catton 2017 ) with education, outcomes and assessment of NAs and the needs of national healthcare systems. In addition, the use of the IFNA's Standards of Practice could make it feasible to compare differing healthcare systems worldwide. The regulations for continuing professional development (CPD) strategies, as well as the attempts for international recognition and certification of programs for NAs is recommended (Meeusen et al. 2016) . As an approach, our validation has the potential that the IFNA's Standards of Practice might be suitable to support lifelong learning. Our national validation of the IFNA's Standards of Practice has underlined the role of NAs in daily anesthesia practice. This validation process of these graduate competencies can be used to develop competency-based teaching and assessment programs for NAs. In the event of workforce shortages and global migration of healthcare workers, WHO initiatives for international recruitment of health personnel and consistency of national policies (Campbell et al. 2016 ) might be supported by the application of the worldwide-approved IFNA's Standards of Practice to compare and equalize different NA-education programs.
